72        YH. UNAVAILABLE ENERGY AND ENTROPY.
/ (1) Friction between two rough bodies.
(2) Impact of two imperfectly elastic bodies. ^(3) Gas rushing into vacuum.
(4)  Stretched wire which is suddenly cut.
(5)  Retardation of fluid motions due to viscosity.
(6)  Flow of electricity in imperfectly conducting bodies.
All these phenomena may take place in the interior of a closed vessel, impervious to heat, and then no entropy or energy (available or otherwise) is imported into the systems from without. In the present cases the visible effects produced include an apparent absorption of mechanical work in the interior of the system. By the principle of conservation of energy, this lost work must reappear in the system in the form of some other kind of energy. We may define this energy as heat generated internally in the system; the quantity of heat so generated being measured by the quantity of work lost.1) We shall speak of the phenomenon as an irreversible conversion of^work into heat in the interior of the system. Experience shows that a rise of temperature or some other equivalent effect invariably accompanies the transformation and is exactly the same in amount as if the heat said to be generated in the system had been supplied from without.
What we can safely assert is that the ultimate effect of the irreversible changes on the system is the same as could be produced Tby reversible means if energy in the form of work was taken from the system, and energy in the form of heat imparted to the system. To make things clearer, we consider the separate cases.
(1) Friction between imperfectly rough bodies. If we were to replace the rough surfaces by smooth ones, or introduce balls or other anti-friction bearings, it would be necessary in order to make the other effects the same, to apply equal and opposite external resistances to the sliding parts, equal to the forces of friction which previously existed. To make up for the energy thus taken from the system, and to reproduce the temperature changes actually observable in the bodies, heat energy would have to be supplied to the opposing surfaces. If dH is a quantity of work lost by friction, then in the reversible alternative system, the work dH is taken from the system, and heat dH is given to it. If T is the temperature of the point at which this "generated heat" is applied to the system, the gain of
entropy in the reversible process is -™-, and hence by definition the
same is true in the irreversible.process.    It therefore follows that in defining entropy  by the  first  method "quantities  of heat generated
1) We are here using the term "quantity of heat" generated internally to denote something different from the "quantity of heat" received by one body from another, as defined in § 58.